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Abstract 


A light emitting diode of silicon carbide having a p-n junction comprising an n-type layer doped with donor impurities, a first p-type layer doped 
with acceptor impurities, and a second p-type layer doped with acceptor impurities and donor impurities. The first p-type layer has a thickness 
less than the diffusion length of electrons having flowed from the n-type layer. In this way, the first p-type layer effects light emission related to the 
acceptor impurities which recombine with the electrons having flowed from the n-type layer, and the second p-type layer effects light emission by 
donor-acceptor pairs which recombine with the electrons having flowed from the n-type layer. 
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14 i:flt 2 0 p aj|l4<Die;^3l«-^& ^^-r « c ^ (c 

a[j|lC!>pSJf±K:ig«$n»m(C7jr-kyj>7Mtt 
(!!)««%ini$»vAcJB2(0p^^. 

SEfilOpSJKQVdit. KnS«J:»J^L 
T « 1 09 P ^ l4 OS 2 09 p SJI |4 O 96 

*&#OfflLfcp n«f^S«*if'r*-K. 
[8:^3] «liejil«9pSJ|&imS£»209pSJ|O 30 

K£ Lfdl«« 1 Xtta««2 (C!e«0!) p n ^mk% 

W:ji«4] ttGS2(!rpa!)|0!>±Kt»ZJBl(OpSJI 
ftinXK 2 O p an J: U ^t'>«-.A«X& 4< off 3 09 P 

(s«4is] i}GnSJf»cnsrr«i!rGJii09pfiji09 

«4 lcGtt09 p n »d9)Dt K. 40 

lB#fll6J ««(^-d»ttR«<. 4 60nm-'4 70n 
mTft«H:«l«l~|f«i9l5^SB«09p nie^S«)!£^ 

y , 85E K-f- :^«*A'B«-C* SB*! 1 6 
k:E«cd p n »&S?l3tir-< K. 
[H««8] «rEjlHti^«<. 6HS!. 15RSSI/4 

~H*gi 7 klBKC!) p n »^S««i^-f K . 

[XQCDr^ieiSciBQ] 50 


2 

[000 1] 

[ffltJt(o«ffl»»] *^ratts^b3^*&ffl^^^:p ntt 

[0002] 

mE%3t&££>Ct7V>»2>%y£l(7«i09 

7. «aa^Kce(^&nMSft9!»A*j«c9)ti(^ 
is-c»«. znic^LT. 9l&8ixsnrv>«iifi09ar 

[0 0 0 3] -my., Jfct3«'-<*-K09J8Jl6fittffifflf 

**w»««»cflnrr*. «fe»<tif-f*-KSfi9J»iji 
<ttmtt. I V- 1 viwt*4Wi»*r*««<ta« 
(Sic) . 1 1 i-v»{t*«i»i»«re*««<{:^y. 

-JA (GaN) . *Lri I-VIflHb^*»«:r* 

£«<i:sie (zns) icae>n«. z.t\.ti(h^mm 
Sfflv^T. 1M^363t^l'^';t-K®w3^H«*•>«iC£^7t> 

[0 0 04] «jtf-r*-K®5imijfifcLrtt. «^ 

«it^»'-r5r-Kffl®i|i»<*tt»«)it>-e. GaN. ZnS 
e. Ai;ZnS(Q#iiiaM:». pSililA&^iiwi: 

seST?* 4 (o-c. p n ^m<r>m^9^ *- K if^sr 

®J:^«MIS«5Sfc^««3tir-f;j--K«:. ir:^^ 

[0 005] cnicJtLT. «<biS« (SiC) ttpfi 
eAeJ::;nSI3A«^tC«%lv«09T. pnS^fi 

ffixlf$^^^^l/)^ai (LPEi& ic<):yf»«ny^ 

n»H#<«!)||flf«<«SnTv>». N. Iked 

a, T.Hayakaaa, S.YaBsiva, H.Natsunaai, and T.Tana 
ka, Joumalof Applied Physics, Vol SO.. No. 12, pp.8 
215-8225 1979) . - 

[0 006] L*'U LPESk:J:y^$*vfcp ntt 
^Sllfe?6Jty-r;f-K»±««tLT««*Ma<. 2 0 
mA-eftf^$*fc»^lC 1 5n> c d £lTfi9«« L 

ivci>«v^. -togiftWHtt. ^fi««5i, 70 0- 
1, 800'Ci:B<, SttftS ilHK4>-C«S**>fiw5 
09-C. «ft09«liHt»CS&y:«|i^/^«**5aA3li^-r 
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[0 0 0 7] ^ZV. <b4fe«««A 
(CVDtt) tffiv^T. «ftC0flm3tfc»»«-C* 

8) . 

10 0 0 8] BHi^^^m^i^tSAm (poly t 

7yt/ ^ ^ AT -fe CD K:f-r -fe y 5 » 

«ftJbt«:«fflfCt>-C, tf-i^tt««:4 7 0-4 8 0 
nmr**. («^wr, «T(R«, ±ffl« 
iUam^. «««a#itttJB60®, »2^, 1991 
159--162H) tit. »B#e>ttCVD&fcfflv>Tr 

KI:afW<&3Ma«:t7iV lf-i^ttfi4 5 5nmO«ft 20 
(WF2-184464, «B¥2-40659a, RXJ^ 
Abstracts ICV(H-7 (The International Conference 
on Vapour Greirth and Bqitaxy, Nagoya, Japan, 1991, 
P.lll,Aklra Suzuki, Yoshihisa Fuji!, Katsuki Furu 
kava, ShigeoNakajiBa) . 
[0009] tfz. Edmo ndltmmi^-t-trjU^ 

^aur. t^-4^ttfi4 7 5-4 8 0CDirA«3t3r-<;t 
-Kfi:faiUTV>4. (J.A.EdKjnd, llS»ff|P491849 

7) . w*ve«E«c^>«ftj|*ir>r5j--K<;Dlia&Hi 3 30 

(t£Ttt) . H14 U.Surukitt) , H15 (J.A.EdK* 
nd) tCml" . 
(OOlOJ 

1 3 Xr/H 1 5 il3K"rfiE«(3Da[« K:t— • y/l/ ^ - a 

--4 8 0nmr**J, »Wfe«:WflT*4 
3fU»ft(^*ftttiC*«». *fc, H14CiS"r7;i/$- 

[0 0 11] *fttt^c«n. ««a[-ct>^«//w 

fe*bt5^>r^-K(Dtr-::;iS»{t4 6 0-4 7 0nm-C 50 


[0012] 

"K-C*-3r, »t^cH^1•4pnS^fc^^^LK:^^ 

®**«iO$nfc»l<^pSli:, aiBlC0pSJI±C 

«ra$nfe»2<0pffi«i:, fcWt, ttnaW.i:*JztA 
L r * 1 (0 p S» 4: nag 2 O P fiJi CD 

[0 013] *e»lC*JMi<Dpn»^S«5t3^-f3f-K 
tt. »<b3i«fefliv^fcpn»^SJbfe3*'-<;i— K-e*o 
RittCgB^fep n»^S:«fi8L K:f^«tt#aSiffl 

*«»*D$n^c»l(OpfiJii:, a»lfl!)pM«±tcJ§^ 

tvsattttc 7 -fe y 31 :f i6ftco;5^*«in 5 2 
« J: »jaA ur * fe«^A'>a« 1 CD p i: a» 2 (;D 

pS«rt<0W*T2}^-;i/fc#IS^r'5^i:CJ:»j, tt7 

[0014] «F*L<li, URIgl(^pfflJi&i;S}S5» 
[0015] 0tl<it/^SS2<DpmM<D±K. m 

[0016] jff*L<ii, arcnfiitci!»-rs«icr) 

pS«®»*i:0. 0 1-0. S/im\Zj^ALtiL^a)V 

[0017] ff*t<lt, Jbtfc^-i'iSaiAv 4 60n 
m— 4 7 0 nmr*i. 

[0 018] »*t<tt, mK7{;'^:fS^m^tfi7)U 

[0 0 19] ffiL<tt, iJEK<bii3R;5^6HS, 15 

[0 0 2 0] e-i^iSa£4 6 0-4 7 0nm(0#feJ63t 
«:»ifc«?)tct4, ±itCD7>a/$r'i;Ari?-fe:/3'tcJ:3> 
4 55nm<^«3t2:- a*K:f- • 7;i/5 A7i^-fe 
:/^«^:«ki4 7 0-4 8 0 nm<O563fl6i:(O0e*&|SI^ 
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5 

IClSfflUr. tr~^ftJltct>|BO4 6 0~4 7 0ninfc 

[0 0 211 *»!i«e.tt. pn»^ir^*-KtCJi;^ 
i><®t«iLfe. *LT. p/it7;U5:i'5A7i»-b 

asur^*ctKj:»j. *n-e*v®pi-e«4Lfc7 

B«i-r*i8ai4 6 0-4 7 0 n mflMlft«)t 4 Jl^-f 

I0 0 2 2J «TlcX»ca«fct„rR^WS. 
10 0 2 3] pn»&^r>f*_Klcj|t*lSp<Y7;v«ffi 

feS«niLfc^tc«ii,««aa:-«ic, n**»e,p;f/^a 30 

A L k: ^ a«^«ai I . t p n Ji'vi£A L 

•e4^6*v*. u. ih<7)«i:Lrtt**v-r<i. i. e 

Mm. 0. 8 5Mm*^Sn-CC»J (tt«3ii. 

a. **tt«, ±Bae=. it«. lum «-^flHiiifli 4o 

«^«S. l^fWKiJ CPII90-64, 19 

91. 29-34H) . <..i:Mh©«tt*ft^Jv200cmV 
Vs. 50cmW8a«-C**. toil* J 
[0024] 

[Rl] { 
le/Ih'Sia. ixa/p 

[0025] t^cS. 1S,T. nJI®«^aitipJicD ^ 
*-niUiff)5ta&±ttt.\i. I./Ihtti GBLhi: i 
1:»J. ««tt±i:LTp*«/^«<viit^nJI*««,cr)«TF i 
<*.i>9Stt^i>. n««>6pJ■'^ftii^^«^|^. 50 : 


6 

4"^taaKLTv^<. pn»aBfl!)ffiBS«ix = Oi:L 
T. P**®p n#Jffi*»6ogJB&xk-r«t pi|c|i 
©•■f-COISn- (x) tt 

n» (x) =np (0) exp (-x/1.) 

t0026] 
012] 

' 1 / e a. 8 7 ) 

100 2 7] t«y. /hR#*iJ7-e»*«?OJtAK 
■Oiftt^e*. "r«*%^CW»^. «l. 6^mT* 

•«*^<. 1 ettcnj:y/Jx*i»fc#jt6,ft. fil M 

[00 2 8] *JMiTtt. iOp««t>oiaRffii?5»cr 

^S:=')ATe?-fey#o*4aaraLfepJii:. 7;t5- 
■>A7f-fe5'JitB«K:f-tafe()DLfepjit. 
U »J 4 5 5 n m«)«Jt. tt# J: y 4 7 0-^ 4 8 

OnmO«)(CS:»fc. ^tLT. Si«®l6jt®*»C J: »J B 
«i:'ri4 6 0-4 7 0 n ni0l6»'S:irfe(!D«it4rY* 
-Ktfffc. «liai:LrttH2lc*©«:feBi5^1- J:d 
7;U5z:'>A7d>-fe:^*0*fcaaraLfcpJi4nJf 

C. 7;^5r■5A7^»•feyjlSffiBK:^-^c»^Btfep 
ii«:nJI»caFLTJB«Lfe«liai:®2a»«'*«. 9 
2. B3K:»r. (a) ttpn»^«S%S*L. (b) 

iv-en(O)Sjfc0j|Xtd:. B2 (b) . B3 (b) 0«W 

pffkc.J:««Jt*<jD*>-sr. a4u:m-rj:-5icifl5k-r 
*460-470nni8:»Jli:L. WWftllfiTStWflE 

[0029] 

«K«rt 7;u 5 s A 7 i> -b:^* fls* ftftim L fc» 1 
®pS«i:. 7;P5^'>A7i;-fe:/jitajjK-*— «:» 
in 2 « p ffllfc LTUfSSftS . 
[0 0 3 0] lir«T»ttH2 (b) CSSTtfU 

®«H|-Cw-rffi«OJlJt3ME®4 5 5nm*5»6n. ft 

«rttH2 (b) o*rF««y«>fl«i?s*tiB«cD«)t5l 

«04 7 0-4 8 0 nm*-«»6n6. 
[0 0 3 1] c:*ie.2»fflp»k:J:6?63t*51ni3-5T. 
H4»Cai^-rj;dJCi«i:-r«4 6 0-4 70nmfe«ft 

n«. C®«fe«)!6jr-<;t_Ktt. 2«a[CD»ftJ|}fci 

■r&2«([opis«iLr»)as<irjsy. 
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(0032] 

[0033] (Xttfll) :«^MTtj:, GHSCOSi 
C (SttWWII53eV) ifflv>fcpn»^SC!)Wft«3t 

fi^8*3^-<:t"Kloo<olli6&i5t■rwa^H•c**. c 

<0 p n »^S»ftJB*3rY;j-- K 1 0 0 <0«jft ^CB^I" 
^pntt^tl, 6HS<0n-SiCJ|i«MCfil0^. 
-C'C0±^Nnk»A$n^D-SiC4l|3AJI2 0^, 2 10 
«H<0p-SiC|«9a*3 0S.J:r;4 0i:. lC<koT 
1ltf$llTl>e. ^LX. n-SiCmaAXfilOCD 
XS^ti:, Ni;^i&35!e»nfl|;r-Attmi7 0;^B(tei 
fltfrp-SiC*||4Ji4 0C!D±aBiCtt, TifcA 

[0 0 3 4] B9a3MlttMTffiv^/^fiffi£llSK3 9 
(D«mBTdb&. CC0AffidlfiKK3 9tt. 1i«^(;D^ 
a(0fia?»2li:, ■t<0HP»k:*f^e»^vfe:77>i/2 
9i:. 53aicoffl6«2 1«:. -tCDrtSk:* 20 

nttift^mmz 3<o4t«ictw^2 2*H^fa$nTi> 
K»^2 2ai;i»02 3tt, K^rnhmmnvib 

tC0^f%C0^Jfl|HiClt7-5^3-<yi/2 4d*^@^fA 
Tl^S. K»fe2 2±tcai$*lfc«fi8m2 5tt, 7 

&t;3Fi8ft^A®aiAaa:3fc4. -«iiafewf 4 so 
a5«2l(D^»c^)«^cw:«nr2 7, 2 8;^arteiA 

V2 1 l:/M9rr«C^3QfCdi3Re. £i&V2 1 CDHaS 

AT>i/xtt<D7^j^2 9rfia*n, ^^mo 

3 2, S<fetfO-iJ>5f3 3fCj:yi/-;i/SnTi->^. 
7 5 > i/* 2 9 ® (WW* jfi iCtttt«343S«ite»nr*? 

tt»2 6d*€>«A*nfe±BC!)^X;5WaS$tli. 
[0035J «aW!<0pna^&fi«^3r^;r-K10 
Ott, C(^J:'^>5cft«*«KK3 9fcfflw>r, £kT<^^ 40 

^icf»snfc. H9i:m-r<i:e»k:, K»^2 2 

±frC6HS(0n-SiC|l«JHtfil0 (imftlcro 
XI cm) CDS«3(»2 5&|»LA^. Sfi»Pf2 5tiD 
«fiaQtLT«:, -tCOffi^fi*^ CO 0 0 1) 

[0036] 

[K3] 

(112 0) 
[0 0 3 7] *ft^5«««Lfcffifcfflv>fc. 

[0 0 3 8] ov^r, wC0«««ffiK■3 9^c^t*^|>!f 

^S:*-»'UrrfXi:LT, «^1 x 1 0*cc(;DW'&-e, 50 
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>r;i/2 4K:»HiSWa$:«LT, n-SiC»«fl»tg 
10^:1. 400-1. 500* CtCjiaRLfc. -tL 

Ci:tC<l:y, n-SiC*ISaJtfilO±iCn-SiC 
IU»A« 2 0 t?^i;p - S i CJUdAJI 3 0 fc*<feUE4 0 

[0 0 3 9] 35cS. 2»««-CttiRft^At UT, 
V5> (SiH4) fix^^xl-fuj^::/ (C.H.) ^fA 

irffli^fe. JI*^J^fA<;D««a:v^■r^^;*^H^ 1 c c t u 

3'«linfflU:ttKfj>^n/7A/5^a'5A (Al (CH 
3) 3) ^Xfi:, »K:f«te«iC»:fiiR (Ni) 

[0040] n-SiCJ|l«rA2 0€:fSfi$tt^lB^ 

a:. B«^Afc«i>i-5cca)»&-«fetoufc. 

^^l6*aaratCJ:y. 5xiO"-5xlO"cm-»CD« 

-Sicm4UIAII3 0£>^J:t^4 0S:AK^1t^. « 
*ia^<-rr^«ESJio^0n - S i Ci|2 O *^e<3D«^ 
C0a£A«*iJ:<1-«»fc«t), S}i^LfeJ:^^c, p-Si 
CK3 0&t;4 0<0*-;i/Mttn-S iCi|2 0<;D« 
^■S(^l/5OTtL. SXIO^^-SXI 0^''cm 
••®l6Hi:Lfc. S»J>f-yU7yuir7A&S^0. 0 
1-0. 5 c c<D»&-c»iirr-5wfctciu, ±»co.-^ 
-^i4ME*'>»'&nfc. p-SiCH3 0ic«:T;i/^«'i> 
i^rro^-f^ &aEioLfc;&*P - s i cil4 o tcttyyi/^ 

«^:^aUili«>0. Ol-lcc-e**. 
[004 1] lltfrlRl^<-rTX«E&8«niLrn-S i c 

ii2 0 3^e>aA$nfc«^*^fiaRbTp-s i cii3 o 
xi; p - s i cii4 0 cos5*Trf^-;u t sis^ t r 583ft 

-rsfi^S^^iifcat). P-Sic«3 0«)W»«:p-S 
i CB3 Ort-C®«^it»K«J: »J/jx$ <1"4i2:^|*^* 

*3QS*reii, P-sicR30®wi^uT0. 

01-0* SMmCDWHTKitfe, p-SiCH4 0C5) 
iWttl-5A*maflE-C*4. 
[0042] Afift. ^V2 1;Cne>jtfiK»2 5frA 

AM2 0&c;p-SiCBMU»AH3 0. 4 0&a^6Sf 

fi250MmX250Mmfti:35c-Dfc. <c*>\ Xy^v 

» (Oa) ^Atfflv^fe. «a^Cn-Si.CIUS»Jlfi 
1 OCOXM^ttN 1 t^9>ilhii%iS-Uf6X»tl 0 &^ 
AL, p-SiC««aS4 0C0±ffi^U:Ti tAl(0 
P fl:t-A{t«S6 0 frJgiSt 6 3 h C J: 
U, 05K:i5^-r<k^^^pnSt^SJbt^^^:t-KlOO 
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(0 0 4 3J 1»6*vfe«Jl6i«''r*-KW53. 2Vfl!>|& 

it/timitik. p-sic«isui3ocDaM[ic«i; 
•cjbttr-d^ttftttH 1 0 K.BnB< 460*^^470 

nmO«HTtWlUr»ba-tt«r4:*<-C«fc. Hll 

[0044] aiafft2} B6t£4^|JKM2 0!)pn»^ 

H6lCair*3l»«2ttH5-en*-r«IMlflDjr^*- 10 
Klia©±fli©p - S i C«ISAj|i4 0 k p fl*-Att 
«S 6 0 t(On<^ 5l>tne)p-Si C«tt AR 5 0 

«. P-SiCMiAR5 0<D3t(-A«Xtt5xlO''' 
~lxlO"cin-»®»««4iHStttL-C. pfli*- 
Att«S6 0 ««<&0!)«a(«H^tnCp -Si CIUSAMS 
O7-|-«(C«|^j£«tr,Tj£v>gB«0!)p nft^ScVaEA^ 
iKn«J:dlCL&. P-SiC4L|gUI5O0DK«U:2 
~10«m&Si:U&. «3. 2V0!)f)fmS-C2Om 

A<o«iiA^»ivngM 1 k f^ision&jtfttm ^^fc. 20 

jZ:i>S«OpnftdSTXjfeL^c&(b. j«£CD^Sft»jm 
U3»»«5j3j±Lr. l«t«lHifcttLTfl«S«%2<S 

[0045] dBSMS) B7lt4^«l3(;0p nS^S- 
«fe363trV*-Kl 0 OeD«iSfew-r»fffia-C«.S. 

3 ItB 5 IzmtmM lOiif^*- K (OfliS K. 
JtttUT. n-SiCJ|USa«2 0»U«t>-C. «-f7-a/ 
5 i7-fey# tajR K:*-- ©SB* tSHni LT p - 
SiC»l9aH4 0t«fiS-frfe. roa. 7/1/5 
Ariy-fe-/>fe*»t«:WiqUfep-SiC|i«a«3 0t 30 

•(onv6p-sicJii«iAa4oc!>M-c 

*«0. 01~0. 5 AmflDttH"CaiL. p-SiC* 

Mdui3O0pawowv(i~5»DaftkL&. c 

[0 04 6J 1l€.*lfepn»&irAI83tir^*-K10 
0ta»3. 2V®WWEtRt[inLfeir*. 20mA 

tt. p-SiCJ|UtU4 0(I!)M«(Cje:DTB12(Cni 
•t%<. 4 6 0~4 7 0nm«)«H"e«Hi|LTJEftSlt 
SCttf-Ctfc. f^«Wic«3tA'<i»h;MtHl 1 tB 40 

[0047] 00^4) B8a:4^«ff40pn»& 

WftJbfcjr-r K 1 0 0 cDilii iwctwrnm-Qh « . 

*W8«4 tiB 7 i:ai-rjE»«3 ® iT-f K«lit®± 

fliap-sic««ifAai3 0k. P<i4--Att««6 0 
konc. ^^okoAp-sicweasso^att 

5 0 ©*-n4MEtt 5 X 1 0 "~ 1 X 1 0 c m-»0» 
«E>St<^i[i: UT. Pfl4— A«nft6OA«^0!>«« 
«Hiffiitp-SiC«9M|5 0-C+»k:«'vSt««-3 50 
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P-S iC*«M50«a»fi±2--l O/imSaEtL 
fe. -®Pn»^ftJ63t3^-r*-K10 0-Ctt«3. 
2V2:n«l(01|&%3%«^e>n&. jSv>sac!)p aS^ 

[0048] 

*j6^8® P ngt^fiJlJt jf^- 3t- Ktt. 
2mi®»ft«)tS:-r* 2«Bra p*&Wi LT*JilC 

[0049] ZC9pn»d99S^jr^;l— Kit. ftCS 
Tt*|g)5E lf-i>ttfi4 6 0~4 7 0 n m<fimt^fm 

(BSC!>fB«i:£K«] 

[Bl] 9Mitm^(7ii6S^m^^n(t^. 

(B2] *^®«4«S:®K^B. 

[B3] 2iE^®j(4«^®K^B. 

[B4] *9l«(OS4«d;0!>K^B. 

[B5} 4:^®J|)Se2>IQS«lTfi»t:^&^i.>/^pn 

[B6] *monktmmmvm\:^im^^tzv n 

ft^Sieye^^'T KOVrBB. 

[B7] «)|i»(OII^^&XtgM7jiHt^&«^')^P D 
ftdSXA jr>f 4-- K0!>»rBB. 

(B8] 4:X43<OJI>Se«IQg«ITdMb^&ffii>fcp n 
9tti^9^ KCDBtBB. 

[B9] *imoaU\:SmiK^^tipn»^Sfi^if-< 
*-K®ttft»cffli> e.iv«ftlM«MlC!)-« ft w-r« 
i£0fBB. 

[BIO] *»ao-si»«fre*aiWb^ftfflt^fep 

fftt^frn^-TB. 

[811] *0«JtA'«i7h;p&n^-rB. 

fep n»&fiJ6JtirY*-K«)J63l6e-i'«fiOpfi;i 
©Witt$ttftn%-rB. 

(B13] ttX^fiMbJijR&ffii'fcpnftdSXyer'r 

(B14) (S3t(«9j%{ta«&ffii'fcPR»dSje)tjr>r 
*— KORBnB. 

(B15] ttM<r>sut^kmi>tzp nst^mnnttr-f 

*- KCDKiUB. 
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